evidence indicates that white adipose tissue (WAT) is innervated by the sympathetic nervous system (SNS) based on immunohistochemical labelling of a SNS marker (tyrosine hydroxylase [TH]), tract tracing of WAT sympathetic postganglionic innervation, pseudorabies virus (PRV) transneuronal labelling of WAT SNS outflow neurons and functional evidence from denervation studies. Recently, WAT parasympathetic nervous system (PSNS) innervation was suggested because local surgical WAT sympathectomy (sparing hypothesized parasympathetic innervation) followed by PRV injection yielded infected cells in the vagal dorsomotor nucleus (DMV), a traditionally-recognized PSNS brainstem site. In addition, local surgical PSNS WAT denervation triggered WAT catabolic responses. We tested histologically whether WAT was parasympathetically innervated by searching for PSNS markers in rat, and normal (C57BL) and obese (ob/ob) mouse WAT. Vesicular acetylcholine transporter, vasoactive intestinal peptide and neuronal nitric oxide synthase immunoreactivities were absent in WAT pads (retroperitoneal, epididymal, inguinal subcutaneous) from all animals. Nearly all nerves innervating WAT vasculature and parenchyma that were labelled with PGP9.5 (pan-nerve marker) also contained TH, attesting to the pervasive SNS innervation. When Siberian hamster inguinal WAT was sympathetically denervated via local injections of the catecholaminergic toxin 6-hydroxy-dopamine (sparing putative parasympathetic nerves), subsequent PRV injection resulted in no CNS or sympathetic chain infections suggesting no PSNS innervation. By contrast, vehicle injected WAT subsequently inoculated with PRV had typical CNS/sympathetic chain viral infection patterns.
INTRODUCTION
In mammals, white adipose tissue (WAT) is distributed into multiple subcutaneous and visceral depots (13) . The signature cell type found in WAT is the white adipocyte with its characteristic large single triacylglycerol-containing lipid droplet. Under conditions of prolonged fasting, exercise, stress or cold exposure, rapid and precise neurohumoral mechanisms induce white adipocyte lipolysis through the catabolism of triacylglycerol into free fatty acids and glycerol that are subsequently released into the circulation (for review see: (34) ). In addition to this fundamental role in storing and mobilizing lipid in response to energy needs, WAT also is regarded as an endocrine organ (for review see: (58) ). Indeed, white adipocytes produce and secrete several bioactive mediators (collectively named adipokines) that influence energy homeostasis, glucose and lipid metabolism, coagulation and fibrinolysis, immune responses and reproduction (58; 59) .
WAT is innervated by the sympathetic nervous system (SNS), which is the principal initiator of WAT lipid mobilization (for reviews see: (7; 8) ). Furthermore, norepinephrine (NE), the primary SNS postganglionic neurotransmitter, inhibits insulin-induced leptin secretion from differentiated white fat cells in culture (10), thus suggesting that sympathetic stimuli also can influence WAT endocrine activities (for reviews see: (24; 39) ). Morphologically, the sympathetic noradrenergic nerve fibers are located in the adventitia and media of WAT blood vessels, mainly arteries (13; 23; 50) , functioning to adjust the rate of WAT perfusion under different physiological conditions. At a more proximal level to the fat pad, sympathetic noradrenergic nerve fibers usually are associated with capillaries in lobules among white adipocytes (13; 23; 40; 49; 50; 62) .
Historically, there was some confusion as to whether WAT SNS innervation also occurred to or near the white adipocytes themselves. This was due to the tight packing of the mature adipocytes in energy-replete animals within the fat pad support matrix making the parenchymal space virtually invisible except around the vasculature (50) . This WAT parenchymal noradrenergic innervation is more readily visible when fasting decreases white adipocyte size (50) . Moreover, an additional factor that increases the saliency of the WAT sympathetic nerves in the parenchyma associated with fasting is the marked increase in the density of the sympathetic innervation triggered by this lipid depleting state (22) . The plastic adjustment of the supply of sympathetic nerves to WAT likely functions to facilitate the release of NE from parenchymal sympathetic nerve terminals as well as increasing its diffusion to adjacent adipocytes triggers adipocyte lipolysis via beta-adrenoceptor activation. WAT depots also are innervated by fibers possessing neuropeptides, most of which contain neuropeptide Y (NPY) and mainly are found around arteries (13; 23) . In laboratory rat retroperitoneal and epididymal WAT (RWAT and EWAT, respectively), the vast majority of NPYimmunoreactive (ir) nerve fibers also contain NE (22) suggesting that they belong to the SNS supply to WAT blood vessels. Finally, WAT has a provision of sensory nerves (16) that are capsaicin-sensitive and are immunoreactive for calcitonin gene-related peptide (CGRP) and substance P (23; 48; 49) . These sensory nerves are part of afferent projections to brain sites across the neural axis, as revealed recently in pilot studies using the anterograde transneuronal tract tracer, the H129 strain of the herpes simplex virus-1 (Song, C. K. and Bartness, T. J., unpublished observations). The functional significance of these sensory nerves is not precisely known, although sensory innervation of rat periovarian adipose depot affects the recruitment of visceral brown adipocytes during cold acclimation (19) , whereas in Siberian hamster EWAT, they appear to inform the CNS of the presence or size of these WAT pads (48) . Collectively, the existence of WAT sympathetic and sensory nerves is indisputable.
The transneuronal viral tract tracer, pseudorabies virus (PRV), has been used to identify the SNS outflow from brain to WAT in Siberian hamsters and laboratory rats (4; 9; 47) including indications of the receptors contained on these neurons (51; 53) . Conclusions drawn from the results of a viral tracing study in laboratory rats indicated to some (26) that visceral and subcutaneous WAT also is provided with parasympathetic nervous system (PSNS) innervation.
Specifically, it was reported that following local surgical denervation of WAT (to spare the purported parasympathetic nerves), subsequent PRV injections into these fat pads resulted in PRVinfected neurons in traditionally-recognized PSNS brainstem sites --the dorsal motor nucleus of the 
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6 vagus (DMV) and the nucleus ambiguus (26) . In the same report (26) , other animals received selective local surgical parasympathetic WAT denervation (ostensibly sparing the sympathetic innervation) and subsequently WAT catabolic responses were enhanced (e.g., reductions in insulinmediated glucose and free fatty acid uptake, increases in hormone-sensitive lipase activity).
Although these data are intriguing, they are surprising in that previous studies showed no biochemical support for WAT parasympathetic innervation in terms of components of the primary PSNS postganglionic neurotransmitter, acetylcholine (2; 3). In addition, the results might be questioned because the ability to selectively surgically denervate the sympathetic or parasympathetic neural provisions to WAT seems extraordinary and because there was no attempt to localize markers of parasympathetic nerves in the WAT (26) . It also is unclear why denervation of one component of the autonomic nervous system (SNS) would enhance visibility of the origins of another component (PSNS) using a viral tract tracer (see Discussion for details).
Therefore, the purpose of the present series of experiments was to test more rigorously and perhaps extend the notion of the parasympathetic innervation of WAT, as well as to characterize the anatomical distribution of this parasympathetic innervation and determine the neurochemical phenotype of these nerves. This was accomplished by assaying a variety of WAT depots from laboratory rats and normal and obese mice using demonstrated markers of PSNS innervation. In a different neuroanatomical approach, we first chemically denervated the SNS innervation of WAT using local injections of the catecholaminergic neurotoxin 6-hydroxy-dopamine (6-OHDA) into Siberian hamster inguinal WAT (IWAT) to destroy the sympathetic innervation and spare any PSNS innervation. This was followed one week later with injections of the PRV to label specifically any parasympathetic nerves. 
MATERIALS AND METHODS

Experiment 1: Immunohistochemical Markers of Parasympathetic Nerves Animals
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7 Sprague-Dawley male rats and C57BL normal and ob/ob male mice were purchased from Harlan Italy (San Pietro al Natisone, Italy) and had free access to food (65% carbohydrates, 11% fat, 24% protein, w/w) and water. Lights were on for 12 h daily (0700-1900) and all animals were kept at a temperature of 22°C. All procedures and care were in accordance with Italian institutional guidelines.
At the time of sacrifice, three rats for each condition (growing, adult and obese) were anesthetized (100 mg/kg ketamine-Ketavet, Farm. Gellini, Aprilia, Italy, in combination with 19 mg/kg xylazine-Rompum, Bayer AG, Leverkusen, Germany) and perfused transcardially with 4% paraformaldehyde in 0.1 M phosphate buffer, pH 7.4. Retroperitoneal and epididymal WAT (RWAT and EWAT) as well as subcutaneous WAT (IWAT) and control tissues (see below) were dissected and postfixed by overnight immersion in the same fixative. Samples were then dehydrated and paraffin-embedded.
Immunohistochemistry
Immunoreactivity was assessed in 3-µm-thick sections using the avidin-biotin-peroxidase (ABC) method. For each of the PSNS markers (see below), the immunohistochemical analysis was performed for each WAT depot on at least five sections spaced 300-400 µm. Sections were deparaffinized in xylenes, hydrated and incubated with 0.3% H 2 min at room temperature. Sections were subsequently washed with PB (2 x 15 min), air-dried and coverslipped using Vectashield mounting medium (Vector). Fluorescence was detected with a Leica TCS SL spectral confocal microscopy (Leica Microsystems, Vienna, Austria) equipped with Kr/Ar and two different He lasers. FITC and TRITC were excited with the 488 and 543-nm lines, respectively, and imaged separately. We examined at least five sections for each depot spaced 300-400 microns. Sections were viewed in a Leica DM-6000 microscope with a ×63 plan-apochromat objective and 1.4 NA. Images (512 x 512 pixels) were obtained sequentially from two channels using a pinhole of 102.00 µm and stored as TIFF files. Brightness and contrast of the final images were adjusted using the PHOTOSHOP 6 software (Adobe Systems).
Experiment 2: Local Chemical Sympathetic Denervation and PRV Injection into WAT depots Animals
Adult male Siberian hamsters ~3.5 months old were obtained from our breeding colony, the lineage of which has been described recently (9) . Hamsters were exposed to a long day photoperiod 
Sympathetic denervations
Two sets of animals were used. In the first, the one IWAT depot of hamsters was sympathetically denervated via local injections of the catecholaminergic toxin, 6-OHDA (n=9) or the vehicle (n=4), and 7 d later injected with PRV (as described below) for examination of spinal cord and brain infections. In a subsequent experiment, we tested whether trauma to the autonomic Page 9 of 49 nervous system triggers a slowing of viral infection/transit that might lead to a failure to see spinal cord or brain PRV infections. This was done in light of suggestions that systemic 6-OHDA injections could non-specifically thwart the progress of PRV through neural circuits (Brian Oldfield, personal communication). Therefore, additional groups of animals were tested where 6-OHDA, or the vehicle was injected into one IWAT depot followed 7 d later by PRV, either in the same IWAT pad (as in the first group; n=4), or in the ipsilateral interscapular brown adipose tissue (IBAT; n=2). Components of the sympathetic chain (i.e., T13 and stellate ganglia) were included in the histological analyses to determine if the PRV was stalled in its transit either due to the localized chemical denervation, or by a more generalized insult to the SNS.
Animals were anesthetized with pentobarbital sodium (50mg/kg) and the target incision area over the rear haunch area was shaved and wiped with 70% ethanol. An incision was made at the dorsal hind limb of the animal and lateral to the spinal column that continued rostrally and then ventrally to the ventral hind limb. Care was taken with the depth of the incision so as to not damage the underlying fat pad and vasculature. The application of 6-OHDA (Sigma) was performed as described previously for the purpose of sympathetic denervation of rat testes (31) . Briefly, once the IWAT pad was exposed, a series of injections of 6-OHDA was made using a 10 µl Hamilton syringe at forty loci within the fat pad (4mg in 100 µl vehicle; n=10) in order to evenly distribute the sympathetic neurotoxin. In the control animals, unilateral IWAT was injected similarly, but with vehicle only (n=4). The contralateral fat pads in both treatment groups were left intact and served as a within-animal control. The incision was closed with sterile wound clips and nitrofurazone powder was applied to minimize sepsis. The animals were then transferred to clean cages and recovered for one wk before PRV injections.
PRV injections
Page 10 of 49 One week after 6-OHDA or vehicle injections, PRV was injected into the same IWAT, or the ipsilateral IBAT as described previously (4; 5). In brief, once the IWAT pad was exposed, a series of injections of PRV 152 (generous gift of Lynn Enquist, Princeton, NJ) was made using a 1.0 µl Hamilton syringe at five loci within the fat pad (3 X 10 8 pfu/ml; 125nl/loci) in order to evenly distribute the virus. The incision was closed with sterile wound clips and nitrofurazone powder was applied to minimize sepsis. The animals were then transferred to clean cages and survived for 6 d, the post-inoculation survival time for infection to reach the rostral forebrain from these fat pads in this species (4).
Six d after PRV injections (13 d after sympathetic denervations), both IWAT pads were
removed under pentobarbital sodium (50 mg/kg ip) anesthesia, snap-frozen in liquid nitrogen and stored in -80 o C until processed for NE content by HPLC with electrochemical detection (see below). The animals were then given an overdose of pentobarbital sodium (300 mg/kg ip) and perfused transcardially with heparinized (0.02%) saline and phosphate buffered (0.1M; pH 7.4) paraformaldehyde (4% w/v). The brains and bilateral T13 and stellate sympathetic ganglia were extracted and post-fixed in the same fixative overnight at 4 o C and sunk in sucrose (30% w/v; with 0.1% sodium azide). The brains were sliced at 30 µm using a freezing stage sliding microtome along the coronal plane and the ganglia were sliced on a cryostat (Leica CM3500S) at 20 µm thickness, thaw-mounted onto Superfrost Plus slides (Fisher Scientific) and processed for immunohistochemical detection of PRV, TH and choline acetyltransferase (ChAT).
WAT NE content
SNS denervation of the excised fat pads was verified by measuring NE content using reverse-phase HPLC with electrochemical detection as we have done previously (9) . In brief, a sample of IWAT (~100mg) was thawed and homogenized in a solution containing 10 ng dihydroxybenzylamine (internal standard) in 0.2 M perchloric acid with 1 mg/ml ascorbic acid (PCA-AA). After centrifugation at 7,500 g for 10 min, catecholamines were extracted from the homogenate with alumina and eluted into PCA-AA. Catecholamines were assayed using a HPLC system (ESA, Bedford, MA) with electrochemical detection (Coulochem II). The mobile phase was Cat-A-Phase II, and the column was a C 18 reverse-phase column and the detector settings were as previously described (62) Immunohistochemistry for single-label PRV Brain sections were rinsed multiple times in phosphate buffered (0.1M; pH 7.4) saline (PBS), dehydrated in ascending concentrations of ethanol, delipidated with chloroform, re-hydrated in descending concentrations of ethanol, rinsed in PBS and then incubated in the primary antibody (Rb132; 1:10,000; a generous gift of Lynn Enquist, Princeton, NJ) overnight. The secondary antibody (goat anti-rabbit; 1:500; Vector) was applied for 2 h and then the sections were placed in ABC (Vector) for 1 h. The specific labels were detected using diaminobenzidine (DAB; 0.1mg/ml; Sigma) as the chromagen in the presence of peroxide (0.0025%). All steps in the immunohistochemistry procedure were performed at 22 o C. The sections were mounted onto gelatin-coated slides and air-dried. The sections were then counterstained with cresyl violet and coverslipped. Staining for PRV was observed from the level of the preoptic area (POA) rostrally and through the brainstem caudally using an Olympus BX41 microscope. Images were captured digitally with an Olympus DP70 camera and acquired using Adobe Photoshop (v6.0, San Jose, CA).
A mouse brain atlas was used as a guide to identify brain regions (36) .
PRV-infected cells in ganglia were detected similarly to that in brain except that the incubation times were increased for the primary antibody (2 d), secondary antibody (1 d), and ABC 
Statistical Analyses
Catecholamine content data were analyzed using one way analysis of variance (NCSS, Kaysville, Utah). Post hoc analysis was performed using Duncan's New Multiple Range Test (25) .
Differences were considered statistically significant if P<0.05. Exact probabilities and test values were omitted for simplicity and clarity of the presentation of the results. Acetylcholine is the predominant transmitter of the PSNS postganglionic nerves (for review see: (28) ). The vesicular acetylcholine transporter (VAChT) resides in synaptic vesicles of cholinergic nerve terminals and is a reliable marker for detecting central and peripheral cholinergic nerve terminals (43; 44) . Using paraffin-embedded sections, we assayed the major WAT depots of adult rodents for VAChT immunoreactivity and also included rat submandibular gland ( Fig. 1A) and mouse heart (Fig. 1B) as positive controls. Cholinergic nerves (VAChT-ir nerves) were never observed in immunostained sections obtained from several different levels of rat or mouse EWAT (Fig. 1C) , RWAT or IWAT. PSNS activation in WAT appears to increase insulin sensitivity and fat synthesis (26) . Thus, we speculated that PSNS cholinergic nerves could be better visualized in WAT under conditions of fat growth. Therefore, we examined WAT samples obtained from growing rats and mice during the 3 rd and 4 th week of postnatal life and from leptin-deficient ob/ob obese adult mice. In these animals too, retroperitoneal, epididymal and subcutaneous WAT were devoid of VAChT-ir nerves (data not shown).
RESULTS
Rat and mouse WAT does not show evidence of cholinergic nerves
Rat and mouse WAT does not show evidence of VIP-or nNOS-containing nerves
Parasympathetic postganglionic cholinergic nerves innervating peripheral tissues often contain VIP (28) ; moreover, VIP also may be the only known neurotransmitter in a subset of parasympathetic non-cholinergic nerves (28) . Non-adrenergic, non-cholinergic nerves belonging to the vagal PSNS contain the nNOS in the gastrointestinal tract (8; 13) . Thus, to confirm the absence of cholinergic nerves in WAT and, at the same time, establish the presence of a possible VIP-or nNOS-ir parasympathetic supply to it, we performed VIP and nNOS immunohistochemistry on our WAT samples and on small intestine ( Fig. 2A) and stomach ( Fig. 2B and C) tissues taken as positive controls. VIP-or nNOS-ir nerves were never found in the retroperitoneal (Fig. 2D ), epididymal or subcutaneous WAT of adult or growing rats or mice nor in these WAT pads of ob/ob obese mice.
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Double-labelling experiments show that non-noradrenergic nerve fibers are uncommon in rat or mouse WAT
To provide conclusive evidence for or against the presence of a substantial nerve supply to WAT other than the sympathetic one, WAT nerves were double-stained by immunofluorescence using antibodies against PGP9.5, a pan-nerve marker (56; 61), and TH, a specific marker for sympathetic noradrenergic nerves (17) . Using confocal microscopy of sections from retroperitoneal, epididymal and subcutaneous WAT of adult or growing rats and mice and of ob/ob obese mice there were very few fibers innervating blood vessels and the WAT parenchyma that were not noradrenergic (i.e., that also did not show TH-ir). A quantitative estimate of parenchymal noradrenergic nerves was performed on sections (five for each depot) of retroperitoneal and epididymal WAT of normal animals. In these conditions, only about 2-3% of the total number of nerve fibers running among the adipocytes was not noradrenergic. By contrast, non-noradrenergic nerve bundles were found both in the interlobular space together with large arteries and veins and into fat lobules, especially in the retroperitoneal depot (Fig. 2) . None of the animals exhibited overt signs of illness for the six d post-inoculation period.
Sympathetic denervation decreased NE content and blocked CNS PRV infections
The CNS infection pattern in the intact control group was virtually identical with that found previously when PRV 152 or its parental Bartha's K strain was injected into the same tissue (4; 47; 51; 53). Forebrain PRV infections (Fig. 5A) were in various areas including the medial preoptic were concentrated in the periaqueductal gray and in the pedunculopontine tegmental nuclei.
Brainstem PRV infection (Fig 5B, C) was found bilaterally in the nucleus of the solitary tract, paramedian reticular nucleus, intermediate reticular nucleus, rostroventrolateral reticular nucleus, lateral paragigantocellular nucleus and ventral spinocerebellar tract, as well as in the raphe pallidus, raphe obscurus, raphe magnus and area postrema. There also were PRV-infected cells scattered in area 10 (i.e., DMV; Fig. 5C ), particularly along the outer edges, but occasionally within the nuclei.
In stark contrast, we found no PRV infections in the forebrain (Fig. 6A ), midbrain, brainstem ( Fig.   6B , C), spinal cord or T13 sympathetic ganglia ( Fig. 8 ) when PRV was injected into IWAT previously injected with 6-OHDA to induce a chemical sympathetic denervation.
To test for potential slowing or cessation of infection due to sympathetic denervationinduced trauma (Brian Oldfield, personal communication), we injected IWAT with 6-OHDA or the saline control vehicle before virus inoculation. In animals where the vehicle was first injected into WAT followed subsequently by PRV injections, infection was found in the T13 sympathetic ganglion ( Fig. 7) , but not the stellate ganglion (Fig. 7C) , ipsilateral to the PRV-injected IWAT. In hamsters with IWAT first injected with 6-OHDA and subsequently with PRV, no T13 sympathetic ganglion infections occurred ( Fig. 8) . As a further test for potential slowing or cessation of infection due to denervation-induced non-specific effects on PRV transport, we injected 6-OHDA into IWAT of some hamsters, as before, but then injected PRV into the ipsilateral IBAT pad.
Animals with 6-OHDA-injected IWAT and subsequently injected with PRV in the ipsilateral IBAT had PRV infection in the ipsilateral stellate ganglion (Fig. 9A ), but not in the contralateral stellate ( Fig. 9B ) or in the T13 sympathetic ganglia (Fig. 9C ). In these latter animals, the infection pattern in the brain resembled that from our previous animals that were injected in the IBAT with PRV, but not treated with 6-OHDA (5).
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In a small pilot experiment, we injected PRV into IWAT and tested whether the DMV (area 10) infections were in TH or ChAT synthesizing neuronal somata. PRV infected DMV cells were unilateral to the injected IWAT pad. Of the PRV-infected cells in the DMV, ~30% (56/183 PRV-ir cells) and ~9% (12/132 PRV-ir cells) were colocalized with TH ( Fig. 8A) and ChAT (Fig. 8B) , respectively.
DISCUSSION
The results of the present study question the extent of the PSNS innervation of WAT (26) based on classic morphological identification of proven markers for parasympathetic nerves in peripheral tissues. That is, we found an absence of VAChT-ir, a general marker of PSNS innervation (1; 43; 45), as well as a lack of VIP-and nNOS-ir, thought to be the only known neurotransmitters in a subset of parasympathetic non-cholinergic nerves (28) , in several WAT depots (RWAT, EWAT and IWAT) of laboratory rats, a standard laboratory mouse strain (C57BL) and a genetically-based obese mouse strain (ob/ob). In addition, in an attempt to label exclusively the possible PSNS innervation of WAT, we first successfully destroyed the sympathetic innervation of WAT with local injections of the catecholaminergic toxin 6-OHDA, as evidenced by the significantly reduced NE content, and then followed one week later with injections of PRV to label the spared putative parasympathetic nerves. This treatment blocked all infection in the sympathetic ganglia, spinal cord and brain suggesting that with the destruction of the sympathetic innervation, there was no other autonomic innervation. Finally, nearly all nerves innervating WAT vasculature and parenchyma that were labelled with PGP9.5 (pan-nerve marker) also contained TH, attesting to the pervasiveness of WAT SNS innervation and lack of, or meagre PSNS innervation. Taken together, the present data support the earlier biochemical studies showing no acetylcholine esterase, the widely distributed enzyme involved in postsynaptic catabolism of acetylcholine, in WAT (2; 3), indicating that WAT is not, or is sparsely at best, innervated by the PSNS.
Page 17 of 49
Dual innervation of tissues by the SNS and PSNS is the rule, with a few exceptions (e.g., lacrimal gland, the bronchi, most blood vessels (30) ). The lack of PSNS innervation of WAT, therefore, does not afford it the fine functional control that tissues such as the iris of the eye or the heart have with both branches of the autonomic nervous system contributing to their innervation (30) . The initial report of PSNS innervation (26) , therefore, appeared to provide WAT with an opposing neural counterpart to the initiation of lipid mobilization by the SNS innervation that can be triggered by cold exposure (19) , fasting (33) or estradiol treatment (27) in laboratory rats, or short day exposure in Siberian hamsters (62). Thus, it would seem that lipid accumulation, the opposing response to lipid mobilization, is accomplished by a combination of decreases in sympathetic drive/adrenergic signalling and increases in humoral substances that promote lipid storage such as insulin and glucocorticoids (34) and likely little or no influence by the PSNS.
In a recent attempt to visualize the possible PSNS innervation of WAT, only the sympathetic innervation was surgically denervated sparing the purported parasympathetic innervation (26), a remarkable feat given the identical outward appearance of sympathetic and parasympathetic nerves.
Nevertheless, by doing so the spared PSNS could then, in principle, be labelled with subsequent injections of PRV. This approach yielded extraordinarily dense, bilateral PRV-infected neurons in the DMV (26) , among other areas. In the same study, functional evidence supporting the PSNS innervation of WAT was suggested using an opposite approach. That is, WAT was ostensibly selectively and specifically surgically vagotomized (parasympathectomized) and this yielded reductions of insulin-mediated glucose and free fatty acid uptake (26) . In addition, increases in the activity of a principal intracellular mediator of lipolysis, hormone-sensitive lipase, occurred in these surgically parasympathectomized WAT pads (26) . Together these functional data suggested to the authors that with the surgical removal of the PSNS innervation of WAT, the SNS innervation was unopposed and hence catabolic responses were triggered (e.g., lipolysis). Thus, the PRV-infected DMV and nucleus ambiguus cells combined with these functional data suggested to the authors not only the presence of parasympathetic innervation of WAT, but an anabolic role of this innervation Page 18 of 49 ((26) ; but see: (6; 8; 53) ). An alternative hypothesis for the functional data that cannot be ruled out from the Kreier et al. (26) data is that the denervation altered blood flow to the tissue producing the functional responses attributed to the parasympathetic drive in the absence of sympathetic innervation.
In terms of neuroanatomical support for the claim of PSNS innervation of WAT by Kreier et al. (26) , we found no evidence of a PSNS supply to WAT in the present study. Indeed, using immunohistochemical detection of specific nerve markers for the known parasympathetic neurotransmitters (VAChT, VIP, nNOS) and assaying all major WAT depots of normal adult mice, obese mice and laboratory rats, there was no VAChT-, VIP-or nNOS-ir nerves in any fat pad from all of these animals. Most importantly, visualization of the entire nerve supply to WAT blood vessels and lobules with a pan-nerve marker (PGP9.5; (56; 61)) showed very few fibers that were not noradrenergic (i.e., that did not show TH immunoreactivity and therefore that were not sympathetic; present findings and (22)). It is possible, however, that the PSNS innervation of WAT is extremely meagre and localization of parasympathetic markers in tissues that are relatively lightly innervated compare with other peripheral tissues (e.g., heart, adrenal) would be akin to finding the proverbial 'needle in a haystack'. Given the large number of WAT pads and slices per pad examined without a single incidence of positive staining for a PSNS marker, this seems unlikely but not improbable. Collectively, these findings exclude the presence of an important nerve supply to WAT other than sympathetic innervation.
According to classical autonomic physiology, PSNS postganglionic nerve fibers originate from parasympathetic ganglia located near to, or contained within, the target organ. Notably, ganglia were never observed near to, or within, the adipose depots in rodents (Giordano A. and Cinti S., unpublished observations) which begs the question as to the location of these ganglia? -for that we have no answer, nor are their existence or location addressed by the proponents of the PSNS innervation of WAT (26) . 
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For technical reasons (14) , the present study was performed on paraffin-embedded samples, where a certain amount of immunoreactivity may have been lost because of stronger tissue fixation and of high-temperature wax infiltration, although this did not affect VAChT-, VIP-or nNOS-ir in the positive control tissues (submandibular gland, heart, intestine and stomach) processed identically to the WAT samples. We estimate the loss of immunoreactivity based on comparisons between paraffin-embedded and standard fixation to be ~15-20% and therefore do not feel this loss could explain the lack of VAChT-VIP-or NOS-ir in WAT. The vast majority of vascular and parenchymal WAT nerves, however, were noradrenergic, as we saw previously in the more immunoreactive cryosections of slimmed adipose tissue obtained from fasted rats (22) . Thus, the absence of immunohistochemical evidence of parasympathetic nerves in WAT of rats and mice along with the lack of biochemically detectable acetylcholine esterase in laboratory rat WAT (2; 3) appear to make it unlikely that WAT contains appreciable PSNS innervation (also see discussion directly below).
When the CNS outflow from brain to WAT was labelled for the first time using the PRV (4), we found some scattered virus-infected cells within the DMV. The DMV traditionally is known as a locus for vagal motor neurons (e.g., (29; 54; 55)), so it would be tempting to assume that these labeled neurons represent PSNS outflow from brain to WAT as was supposed by Kreier unilaterally, as we did originally (4) and here also, the bilateral labelling of the DMV is at odds with its traditional unilateral vagal innervation of peripheral tissues in rodents (18; 32; 35; 38) . In the present study, we also found PRV-labeled cells in the DMV unilateral to the side of the IWAT Page 20 of 49
R-00679-2005-R1
21 injection, although the number of infected cells here appears considerably less than depicted in the microphotograph by Kreier et. al (26) and we found no nucleus ambiguus infected cells (or in our previous work (4; 9; 47; 53)). There are many reasons for the differences in PRV-ir DMV cells between these two studies and we offer several here. The considerable difference between the number of PRV-infected neurons between these studies simply could be due to species differences (laboratory rats vs Siberian hamsters here), although we found no striking differences in PRVinfected cells across the neuroaxis between these two species in our original report of PRV-labelled SNS outflow circuits to WAT (4) including the DMV. Alternatively, as the authors suggest (26) , the intense PRV-labelling of DMV cells in their study may be due to a forcing the virus through the residual parasympathetic nerves after their selective local surgical sympathetic, but not parasympathetic denervation of WAT (26) . The viral load would be different with the absence of the sympathetic innervation, although viral concentration and degree of innervation seem more important than load per se ((12) and for review see: (11; 52) ). Given that no controls were performed for viral leakage from the injection site in the Kreier et al. study (26) , it seems possible that the PRV spread to other tissues intraperitoneally thus accounting for the nucleus ambiguus infections and intense bilateral labelling of DMV cells. We did find some DMV infection in the present study, with a small number and percentage of ChAT + PRV-ir and a larger number and percentage of TH + PRV-ir cells in the DMV, the latter likely catecholaminergic vagal visceromotor neurons (42) . The latter data, therefore, suggest the possibility of vagal innervation of WAT in and of themselves, but are at odds with the complete absence of labelling for established markers of parasympathetic nerves in WAT in the present study. One possible resolution to these discrepant data within the present study is that because there are so few cells labelled in the DMV after WAT PRV injections, at least in our hands, this also may lead to a correspondingly few number of postganglionic vagal nerves invading WAT making it difficult, if not nearly impossible to locate them, as noted above. If the DMV-infected cells innervate WAT via the vagus, their Page 21 of 49 apparent small number questions their importance functionally. Obviously, further studies are warranted such as those identifying the preganglionics innervated by these DMV efferents.
Finally, because we are unable to discern sympathetic from parasympathetic nerves using a dissecting microscope, we approached the strategy of Kreier et al.(26) to destroy the SNS innervation of WAT and thus spare the putative PSNS innervation, but did so by local injections of the catecholaminergic neurotoxin 6-OHDA, followed one week later by injections of PRV to label any remaining nerves, whether parasympathetic or sympathetic. We know the 6-OHDA was effective in destroying the sympathetic innervation in IWAT because NE content was significantly reduced compared with vehicle-injected IWAT. In our experience (41) , and in the experience of others (15; 46; 57) , although the immediate effect of 6-OHDA is to produce substantial NE depletions, there is a relatively quick return of NE content likely due to sprouting of non-damaged neurons into areas previously innervated. Because we found no infections in the sympathetic ganglia, spinal cord or brain, arguments that the sympathetic denervation appeared far from complete (only an ~60% decrease) at sacrifice are irrelevant. We also are sensitive to the possibility that trauma induced by 6-OHDA could have slowed the progression of the virus through the nervous system (Brian Oldfield, personal communication), but the absence of sympathetic ganglia infections counters this possibility. Clearly, local treatment with 6OHDA blocked transport of PRV into the sympathetic chain, spinal cord and brain, whereas vehicle injections did not. These data, when combined with the lack of immunohistochemical data showing markers of WAT PSNS innervation, provide converging neuroanatomical evidence that supports, at best, meagre PSNS innervation of WAT, despite the presence of sparse DMV multisynaptic connections to WAT.
White adipocytes share many developmental, morphological and biochemical features with brown adipocytes, the function of the latter being to produce heat. It should, however, be noted that brown and white fat depot are never "pure", as both cell types are found in each depot, at least in rodents (11) . The prevalent metabolic function of these depots (i.e. thermogenesis or lipid storage) depends on the relative number of white and brown adipocytes, which in turn is affected by strain, 
23 diet and environmental temperature. In a previous investigation on laboratory rat BAT, we detected a clear cholinergic nerve supply, as evidenced by VAChT-ir at the vascular and parenchymal levels, but only mediastinal BAT, and not in IBAT or perirenal BAT (21); moreover, this innervation was consistently modulated by both cold and fasting (21) . Thus, it appears that, of all rodent fat depots, mediastinal BAT provides the best example of putative PSNS innervation of adipose tissue, but verification with tract tracing studies and demonstration of its functional significance remains to be done for this BAT depot.
An interesting result of our nerve double-labelling experiments is that WAT depots contain large non-noradrenergic nerve bundles accompanying large blood vessels and coursing through fat lobules. For technical reasons, we were unable to characterize these fibers phenotypically. WAT receives its own vascular-nerve peduncle at the hilus such as occurs for the liver or kidney and is crossed by nerves directed to extra-adipose structures. Thus, another way to resolve the discrepancy between the present results and those of Kreier et al. (26) could be that their PRV injections were not restricted to the WAT pad itself and caused infection of these large nerves that could contain PSNS fibers that course through the WAT depots, but are not specifically directed at WAT blood vessels or at white adipocytes.
In conclusion, our efforts to detect and phenotype the parasympathetic nerves in WAT by immunohistochemistry failed and by locally chemically denervating WAT, we blocked transport of the virus through all neural circuits as evidenced by an absence of infected cells in the sympathetic chain, spinal cord or brain. These results agree with those of previous work (2-4; 53) and strongly argue that the only autonomic innervation of WAT is sympathetic. We did find, however, some labelling of DMV cells after PRV WAT injection in the present study and in our previous work in Siberian hamsters and laboratory rats (4; 9; 47; 53) , but did not find PRV-infected cells in another traditionally classified PSNS site, the nucleus ambiguus, as reported by Kreier et al. (26) . The lack of classic morphological evidence for PSNS innervation of WAT at the level of the pad is somewhat at odds with the PRV-infected DMV cells, although these were few in number and 
24 perhaps therefore also ultimately result in relatively few parasympathetic nerves terminating into WAT making detection difficult at best. Such scant DMV projections to WAT also seem to question its physiological significance. Finally, the distinction between the central origins of the SNS and PSNS innervation of peripheral tissues has become blurred (for review see: (37) ), including observations that single neurons are part of both the sympathetic and parasympathetic innervation of disparate peripheral tissues (60) . Therefore, force-fitting neuroanatomical results into this autonomic dichotomy likely may hinder rather than advance our understanding of the trafficking of CNS outflow to peripheral tissues. after injection into IWAT. The left brainstem area 10 shown in Fig. 11A is enlarged in Fig. 11B for enhanced visibility. Area 10: dorsal motor nucleus of the vagus nerve; ROb: Raphe Obscurus;
